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In November, 1911, D\l=o"\hle1 described certain "bodies" within the cyto-
plasm of the polymorphonuclear leukocytes in blood smears from thirty
patients with scarlet fever. In a number of controls similar "bodies"
were found in a patient with pneumonia and two patients with malignant
neoplasms. As far as he knew these "bodies" had not been described
before and to them the term "inclusion bodies" (Leukocytenenschl\l=u"\sse)
was applied. In March, 1912, Kretschmer2 confirmed these findings and
considered their presence in scarlet fever of diagnostic value. The latter
also found these "bodies" in smears from patients with pneumonia and
tuberculosis and two with diphtheria with streptococcus empyema. More
recently Nicoll and Williams3 reported a study of fifty-one cases of scarlet
fever, finding the "bodies" in forty-five cases. Similar "bodies" were
found in three out of twenty-five controls.

The presence of such "bodies" within the polymorphonuclear leuko-
cytes of cases of scarlet fever are mainly of interest from the standpoint
of differential diagnosis and of their possible relation to the etiology of
this infection. Dohle suspected their relation to streptococcus infections
and if these "bodies" are to be found in a large percentage of scarlet
fever cases and are absent in non-scarlatinal conditions, they would be of
considerable aid in differentiating true scarlet fever from cases of serum
sickness with scarlatiniform rashes, rötheln, various toxic erythemata, etc.

Accordingly the object of this study was twofold:
1. To investigate the nature of the "bodies."
2. To determine their diagnostic value in scarlet fever after the

examination of a large number of cases of scarlet fever, diphtheria, serum
sickness and various infections, especially those of streptococcus origin.

From the Laboratory of the Philadelphia Hospital for Contagious Diseases.
Read before the Philadelphia Pediatric Society. June 11. 1912.
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"inclusion bodies"
These "bodies" are characteristically found in the protoplasm of the

polymorphonuclear leukocytes of scarlet fever patients near the margin
of the cell and are not connected with the nuclei. They present no fixed
morphology but occur characteristically as rod and coccus forms. Due
care must be exercised not to mistake the neutrophilic granules for round
"inclusion bodies." Both forms may be present in any stage of scarlet
fever and in the same smear. Early in scarlet fever most of the poly¬
nuclear cells will be found to contain one or more of the "bodies." The
number of leukocytes showing their presence and the number of "bodies"
per leukocyte vary according to the severity of the infection and diminish
as convalescence is established. After the sixth day in mild scarlet fever
they may require careful search before being found. The rod or bacillary
type is most distinct in outline but all are more or less hazy in the best
stained preparations. TECHNIC

For examination, ordinary blood smears are prepared on perfectly
clean slides. Thin smears are especially desirable. The "bodies" are

readily stained by the Giemsa, Manson, Leishman, Wright and Jenner
stains. Ordinary methylene-blue will bring them out. They do not
stain with eosin and hematoxylin. In order to determine whether or not
they are composed of chromatin, specific differential stains were employed
to differentiate between chromatin and plastin. With the Giemsa stain
the "bodies" are colored a faint bluish-green; with methyl-green and
pyronin they present a fairly well-defined reddish color and with mala¬
chite-green and pyronin likewise a reddish color. They do not stain with
iron hematoxylin. These stains would indicate conclusively that the
"bodies" do not contain chromatin and are not protozoan in nature. They
are probably composed of plastin, represent a degenerative process of the
cytoplasm and are probably composed of spongioplasm. The fact that
they are found in streptococcus infections would indicate their relation
to the streptococcus. However, the systematic examination of the blood
of eight rabbits receiving a single injection of streptococci from scarlet
fever, puerperal sepsis and tonsils did not show the presence of these
"bodies."

SCARLET FEVER

Blood smears from 216 patients with scarlet fever were examined,
the majority being cases of mild or moderate severity. A few were of
the severe anginose types of scarlet fever. Cases were examined from the
first day of the rash to the fifty-second day after the rash had appeared.
The results of examination of 200 cases are expressed in Table 1.

It will be noted that "inclusion bodies" are to be found in a large
percentage cf scarlet fever cases during the first few days of the infection.
After the sixth day they become quite few in number and may be more

difficult to find. Dohle did not find any after the sixth day but his series
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Fig. 1.—"Inclusion Bodies." Case of scarlet fever. A—neutrophilic granules.

Fig. 2.—"Inclusion Bodies." Case of scarlet fever following extensive burns
of the body.
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was rather too small to be conclusive. I found one case, fully convales¬
cent and about ready to be discharged from the hospital, showing typical
"bodies" of irregular shape as late as the forty-fourth day. This series
includes three cases of scarlet fever following extensive burns of the body,
"inclusion bodies" being found in all.

Table 1- -Results of Examination for "Inclusion Bodies"
Fever Cases

in 200 Scarlet

Day of Total Number Per cent.
Disease Examined Positive Positive
First. 2 2 100
Second. 14 14 100
Third. 32 30 93.7
Fourth. 14 12 85.7
Fifth. 17 12 70.5
Sixth. 15 10 66.0
Seventh. 13 7 53.8
Eighth. 12 3 25.0
Ninth*. 9 . 0 0.0

*From the tenth to fifty-second days, seventy-two cases were examined with
positive findings in six cases; one each on the tenth, thirteenth, seventeenth,
thirty-sixth, thirty-eighth and forty-fourth days.

DIPHTHERIA

Smears from fifty patients with diphtheria were examined, mainly
because the presence or absence of these "bodies" must be determined in
tin's disease if such examinations are to be of value in differentiating
serum sickness from scarlet fever. Not a few cases of diphtheria also
show the presence of streptococci in the upper air passages along with the
diphtheria bacillus.

Table 2 expresses the results.

'Inclusion Bodies"
Total Number

in Diphtheria
Per cent.
Positive

25
40
62.5

Table 2.—Results of Examinations for

Day of
Disease Examined Positive
Second. 4 1
Third. 10 4
Fourth. 8 5
Fifth. S 0
Sixth. 4 0*

*From the sixth to the twenty-first day, 16 were examined, with three posi¬
tive, all occurring on the seventh day.

It will be noted that these "inclusion bodies" are to be found in a

high percentage of diphtheria cases during the first four days of the
infection. Therefore if a serum rash should develop within this period
the presence or absence of "inclusion bodies" could have no diagnostic
importance in differentiating the rash from that of true scarlet fever.

SERUM SICKNESS

Of all the conditions resembling scarlet fever, serum sickness present¬
ing a scarlatiniform rash is most difficult of diagnosis. This is especially
true in a hospital for contagious diseases where one must be constantly
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on guard to detect scarlet fever and where it is almost impossible to
prevent an occasional outbreak in the diphtheria wards. Fortunately
most serum rashes are urticarial in nature and easily diagnosed. Scarla-
tiniform rashes are also prone to develop from the third or fourth to the
tenth day after receiving serum and this is a source of further confusion
because this period coincides so closely with the usual incubation period of
scarlet fever. In my experience the proper diagnosis and management
of such cases becomes one of the greatest problems in the hospital manage¬
ment of contagious diseases.

Of thirty cases of serum sickness presenting urticarial rashes, devel¬
oping, on the average, ten days after admission to the hospital, none

showed the presence of "inclusion bodies." Practically all of these cases

were examined within twenty-four hours after the appearance of the rash.
1 had the opportunity of studying fourteen cases presenting scarla-

tiniform rashes, thirteen occurring in the diphtheria wards, with the
following results :

1. Five were diagnosed clinically as serum sickness and none showed
the presence of the "bodies."

2. Five were diagnosed as true cases of scarlet fever and all showed
the presence of the "bodies."

3. Two were diagnosed as true scarlet fever but did not show the
presence of the "bodies.'' Both of these cases were very mild in char¬
acter and developed on the twelfth and thirty-second days, respectively,
after admission to the diphtheria wards.

4. One case showed the presence of "bodies" but was of doubtful
clinical diagnosis. The child may have had a rash before admission to
the hospital but the throat was very much injected and resembled the
angina of scarlet fever. The cervical glands were likewise enlarged.

5. Case 14 was that of Dr. C. P. Brown who presented a true scar-

latiniform rash over the body but with no other symptoms of scarlet fever.
This rash was of gastro-intestinal origin. The leukocytes did not show
the presence of "bodies."

MEASLES, ERYSIPELAS, PUERPERAL SEPSIS, ETC.

The blood of seventy-six patients suffering with various infections
other than scarlet fever, diphtheria and serum sickness was examined.
Most interest centers about those which may be mistaken clinically for
scarlet fever and also about those infections due to streptococci.

(a) Measles.—Twelve cases, varying from the third to the sixth day
after the appearance of the rash, were examined and all were negative.
One case was complicated by bronchopneumonia.

(b) Roth ein.—But one case was examined, on the second day after
the rash made its appearance, and this was negative.
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(c) Erysipelas.—Eleven cases were examined with positive findings
in seven. Of these seven positive cases inclusion "bodies" were found on

the third, fourth, fifth, ninth, tenth, twenty-fourth, and twenty-fifth days
after the onset of symptoms.

(d) Puerperal Sepsis.—One case due to a Staphylococcus aureus

infection was negative; a second case, infection not determined, showed
typical "inclusion bodies."

(e) Pneumonia.—Three cases of croupous or lobar pneumonia were

examined and in two of these, "bodies" were found. Two cases of
bronchopneumonia were negative. Of two cases of empyema, not included
in these pneumonia cases, one was positive, and in this case streptococci
were found in the pus.

In none of the forty-three additional cases including varicella, pelvic
inflammatory disease, pericarditis, goiter, furunculosis, eczema, gonor¬
rhea, mastoiditis, gastro-enteritis, chronic lymphatic and splenomyel-
ogenous leukemia, pernicious anemia, etc., were "inclusion bodies"
found.

The presence of these bodies in such a large percentage of eases of
erysipelas, in the case of streptococcus empyema and in one of two cases

of puerperal sepsis which was likely of streptococcus origin, indicates
strongly the relation between these "inclusion bodies" and streptococcus
infections.

CONCLUSIONS

1. "Inclusion bodies" are composed of a plastin, probably spongio-
plastin. and are related to the presence of streptococci.

2. They are present in the polymorphonuclear leukocytes of 94 per
cent, of scarlet fever cases during the first three days after the onset of
the disease. After this they diminish in frequency and are generally
absent after the ninth day.

3. They are to be found in 42 per cent, of diphtheria cases during the
first three days of the disease; after this time they are but seldom found.

4. "Inclusion bodies" are found not only in scarlet fever, but in other
streptococcus infections.

5. The diagnostic value of these "bodies" is necessarily limited. In
serum sickness with a scarlatiniform rash their absence excludes scarlet
fever with a fair degree of accuracy. Their presence in this condition,
however, may not be due to scarlet fever but to the primary attack of
diphtheria. They have, therefore, a negative value.

G. An examination of the blood for these "bodies," however, is very
simple and possesses value in aiding a differential diagnosis between
scarlet fever, rötheln, measles and gastro-intestinal rashes.

I wish to express my thanks to Dr. A. J. Smith, Dr. H. K. Meyers,
Dr. S. S. Woody, Dr. E. Laubaugh and Dr. G. Faries for aid in the work.

Second and Luzerne Streets.
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